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Distributed Microprocessor Control—The Foundation for CIM at Alcan Rolled Products Co. 


In 1985, Alcan Rolled Products Co. purchased an aging aluminum rolling plant in Terre Haute, Ind., as a part of a 
larger acquisition from ARCO/Anaconda. Since then, automation has been in high gear at the location. 

The Terre Haute operation was selected to be one of Alcan’s premier aluminum foil mills, complete with a 
computer-integrated manufacturing system. As a part of the $75 million upgrade, Alcan installed a new cold rolling 
mill and supporting logistics. The new mill would receive heavy-gage coils from Alcan’s Saguenay (Canada) 
operation, fer rolling into foil for shipment or further processing by one of the plant’s other foil rolling mills. All mill 
controls are implemented in microprocessor-based control systems supplied by Siemens, most being SIMATIC PLC’s. 

The new mill now handles 40,000-lb coils—twice as large as before. 

A coil storage and retrieval system is supplied by Kone-Landel of Houston, Texas. The automated system includes 
two 25-ton work in process bridge cranes and 12 coil transfer cars. The movement of the cranes and cars are 
orchestrated by a MicroVAX 3300 (Digital Equipment Corp.) computer. Each piece of material handling equipment 
is controlied by its own SIMATIC S5-115U PLC, linked to a master SIMATIC S5-115U PLC, which interconnects to 
the MicroVax through a communication network (Serial links and Ethernet bus). All PLC systems were provided by 
Siemens. 

Arriving coils are unloaded by a gantry crane and installed in an enclosed, single-level storage system. Once the 
gantry crane operator enters the coil ID number, the crane is switched to automatic and is computer-controlled from 
there. The crane storage system’s DEC 3300 computer selects an empty storage location, determines the X-Y-Z 
coordinates of that location and directs the PLC to place the coil at those coordinates. The PLC’s control the bridge 
trolley and hoist drives of the crane, to place the coil within % in. in any coordinate. The PLC’s receive their 
positioning feedback signal from infrared position measurement sensors mounted on the crane. Thereafter, the coil 
is precisely tracked throughout the plant, as it is moved by the materials handling system. Control of the incoming 
coil crane is directed from an onboard equipment panel which contains the crane’s nerve center, a SIMATIC PLC 
system communicating with the remotely located crane storage system MicroVax. An overhead crane system 
retrieves the coils ¢s needed to keep the new cold mill operating. The status and location of each coil is recorded from 
its arrival, through production and shipping. 

A similar PLC/computer package oversees a second crane system which retrieves coils from the exit end of the new 
rolling mill and returns them to storage, further processing or shipping. The crane systems operate over a span of 
80 ft and a length of 750 ft, with two automated cranes running up and down the same runway. Software controlled 
anticollision devices monitor distance and velocity between cranes and provide instructions to the PLC system to 
keep the cranes safely apart from each other. 

The major part of the total investment was the installation of a new single-stand cold mill, the widest and fastest 
in North America for rolling aluminum foil. The mill is automated to the maximum degree possible. 

Other MMC units control the speed of the mill, flatness of the strip and interface to the operators. The MMC also 
has a vital role in the system’s communication. It communicates, for example, with the rolling mill drive system 
monitoring and controlling entry and rewind speed and tension, all of which affect the final thickness (gage) of the 
aluminum foil. The MMC also communicates with the SIMATIC PLC system. 

Upon pass completion, the mill automation system signals the crane which automatically carries the coil to its next 
destination. Through the Alcan LANATS system, all data relating to the finished coil as well as maintenance, 
engineering and statistical data are passed on to the plant computer for further processing. Siemens supplied all 
hardware and software for the mill automation system as well as the application program for the DEC MicroVAX 
mill computer. 

The Alcan automation has been carefully integrated into a CIM hierarchy. Starting at the top, orders are entered 
into the plant’s IBM business computer and transmitted to the MICROVAX shop floor control system which handles 
scheduling, product tracking and production reporting. Plant floor data acquisition and actual instructions are 
handled through another MicroVAX and IBM PC. These computers are in constant communication with the MMC 
and PLC’s, which control all plant floor automation. All crane control, AGV control and local process/machine control 
are accomplished by the distributed microprocessor-based system. & 











76 Iron and Steel Engineer December 1991 





LIST OF SUBJECTS 





A 


“Advances in electro-di texturing (EDT) for cold mill work 
rolls” —EL-MENSHAWY . and S ., Aug., p 57 
=. System, Evaluation of dynamic characteristics of’—GUO, 
R.-M., July, p 52 
“AGC technology installed at LTV’s Cleveland 5-stand cold mill, 
Latest AGC technology installed at”—-DUVAL, P., PARKS, J. C.., 
and FELLUS, G., Nov., p 46 


“AISE Annual of Papers to be presented at 


Convention—Abstracts of 
> ceteaaiae iron and Steel Exposition and,” Sept., 
p P-4 


“AISE Annual Convention—Chairmen, 1991 Iron and Steel Exposi- 
tion and,” Sept., pP-41 


“AISE Annual 
Exposition and 


i Review, 1991 Iron and Steel 
” Nov., p 55 
“AISE Annual Convention Spouses Program, 1991 Iron and Steel 
Exposition and,” Sept., p P-37 
“AISE Annual Convention—Technical Program, 1991 Iron and Steel 
Exposition and,” Sept., p P-27 
“AISE District Chairmen, Vice Chairmen and Secretaries, 1991-— 
1992,” Oct., p 54 
“AISE District Section secretaries meet in Pittsburgh,” Oct., p 66 
“AISE Kelly Award winners for 1990 selected,” Oct., p 59 
“AISE Managing Director, Lawrence G. Maloney named,” Oct., p 63 
“AISE National Committees, 1991,” Jan., p 22 
“AISE Officers and Directors, 1991,” Jan., p 18 
“AISE Pittsburgh Section golf outing, More than 400 persons 
attend,” Aug., p 68 
“AISE Pittsburgh Section, NexTech hosts,” July, p 62 
“AISE a addresses Canton Section meeting, 1990,” Jan., 
p 


“AISE President, Guy Monaco elected 1992,” Oct., p 53 

“AISE Scholarship winners announced,” Oct., p 60 

“AISE seminar review,” Jan., p 80 

“AISE om Section regional meeting at Sheffield Steel,” Jan., 
p 

“AISE Spring Conference—Abstracts of papers to be presented at 
technical sessions, 1991,” April, p 65 

“AISE Spring Conference—Chairmen, 1991,” April, p 63 

“AISE Spring Conference—Pictorial Review, 1991,” July, p 67 

“AISE Spring Conference—Spouses Program, 1991,” April, p 58 

“AISE Spring Conference—Technical Program, 1991,” April, p 55 

“AISE, 86 Members Complete 30 Years with,” Jan., p 30 

“AISI Rages Meeting, 1991, Issues and outlook” —LABEE, C. J., 

g., Pp 62 
“Allegheny Ludium on stream, Stainless finishin ration at” 
oe LABEE , C. J., Dec., p 57 _ 


“American steel indu in the 90's: Can it meet the challenges?, 

The”—WILLIAMS, W. F., Nov., p 21 

“Ammonia destruction at Citizens Gas and Coke Utility” —-CURREY, 
J. H., July, p 43 

“An advanced model for flatness and profile prediction in hot rolling”’ 
—CRESDEE, R. B., EDWARDS, W. J., and THOMAS, P. J 
Oct., p 41 

“Anneal coil cold spot temperature prediction using on-line model- 
ing at LTV, Batch Coil cold spot temperature Scr using 
on”—ROVITO, A. J., AIELLO, W. M., and VOSS, G. F., Sept., 
p31 

“Annual Con vention—Pi ictorial Review, 1991 Iron and Steel Exposi- 

tion and AISE,” Nov., p 55 

“Application of laser-textured steel sheets for autobody panels” 
—UJIHARA, S., HISATSUNE, T., HISHIDA, Y., IMANAKA, M., 
and ABE, H., Aug., p 52 


December 1991 


“AQUATECH Systems’ pickle liquor recovery process—Washing- 
ton Steel reduces waste yw costs and liabili 
=a J. C., PICCARI, J. A., and THORNBURG, G. 

p39 


“Arc furnace electrical circuit, Computer analysis of the’—CELADA 
S., J., Feb., p 41 


“Are we really managing?”—GRAHAM, T. C., June, p 40 
“Armco’s new No. 2 electrogalvanizing line’—SAMWAYS, N. L., 
Aug.., af 
“Armco’s No. cold strip mill modernization”—LOEN, M. V., 
SOHNSON, D.C., ape igen R. W., Nov., p 24 
“Attainment of revised toughness wo: on wide flange 
beams”—BOYLE, T. W., KAHRS. J. R., PELLEGRINO, J. V., 
JR., On and REPAS. P.E., Sept., p 20 
—— panels, Application of laser-textured steel sheets for’’ 
IHARA, S., HISATSUNE, T., HISHIDA, Y., IMANAKA, M., 
and ABE, H., Aug., p 52 
“Automated monitoring and control of vibration and chatter in rolling 
processes” —NI B, J. R., and NICOLAS, V. T., July, p 33 
“Automatic on-line ightening, as, to and stacking of 
small and medium sections” —AUGUSTI, A., Jan., p 39 


“Bar mill temperature concepts’’—CLARK, R. G., and McALLISTER, 
H., Jan., p 33 

“Batch anneal coil cold spot temperature prediction using on-line 
modeling at LTV’”—ROVITO, A. J., AIELLO, W. M., and VOSS, 
G. F., Sept., p 31 

“Beams, Attainment of revised hness requirements on wide 
flange”—BOYLE, T. W., KAHRS, J. R., PELLEGRINO, J. V., Jr., 
and REPAS, P. E., Sept., p 20 

“Benefits of automation of hot blast stove operation’ —BEENTJES, 

P. A., WOKKE, S., and VAN os J., pec p45 

“Bethiehem’s Burns Harbor pliant of crane wheel 
assembly maintenance at’ Pon ENC eb., p 30 

“Bethlehem's L biast furnace, First full reline az —STOR\M, L. P., 
Jr., Dec., p 48 

“Blast wy me philosophy at British Steel” —O’HANLON, J., 

pt 

“Blast furnace hearth design theory, materials and practice” —DZER- 

MEJKO, A. J., Dec., p 23 
“Blast furnace monitoring applications, gene tan anal- 
er: ems for’ no HAMELOT, b OCHANTRAINE, , and 
UCKERS, J., Dec., p 32 

“Blast furnace stockhouse automation”—SIDDALL, M. S., and 
GRIMES, P., Mar., p 31 

“Blast furnace, oy full reline of Bethiehem’s L"—STORM, L. P., 
Jr., Dec., p 48 

“Blast furnaces at LTV Steel, Stave and intensified plate-cooled”’ 

—WAKELIN, D. H., NANAVATI, K. S., and SPIRKO, E. J., Dec., 
p 40 

——— furnace control philosophy at”—O’HANLON, J., 

»pt 
“Burns Harbor plant, 10-year hist 


of crane wheel assembly 
maintenance at Bethiehem’s”— 


OTTEN, C.A., Feb., p 30 


c 


“Canton Section meeting, 1990 AISE president addresses,” Jan., 
p 66 
“Capital investment program under way at Timken,” Jan., p 62 


“Caster and completes plate mill modernization at Gary works, U.S. 
Steel dedicates slab,” Dec., p 56 


“Caster, Modernization of Weirton's 4-strand slab” RAWLINGS, R. 
A., Nov., p 41 


“Casters, Computer control of a sprays on vintage slab” 
—BOLGER, D. O., and GREEN, D. T., May, p 22 


“CF&l, Radiant tube heaters advantageous for,” Mar., p 56 


“Chatter in rolling processes, Automated monitoring and control of 
vibration and’ —NIEB, J. R., and NICOLAS, V. T., July, p 33 


iron and Steel Engineer 77 





Chatter, Vibration analysis identifies the causes of mill’—GAS- 
PARIC, J. J., Feb., p 27 

“Citizens Gas and Coke Utility, Ammonia destruction at”—-CURREY, 
J. H., July, p 43 

“Cleveland 5-stand cold mill, Latest AGC tech 


installed at 
seoatiineantien P., PARKS, J. C., and FELLUS, 


., Nov., p 46 


systems, Modernization 
eaLIV'S SEO IEGMAN, LA COOK A.D. REMLEY, W. M., and 
KASAVICH, J. A., Oct., p 28 


Tua Gs *__FUKU , A, Pac PUK. 
G., and TEFU , S., Oct., p 34 
line for tin mill , Lacquer”—BALLE, E., CALAS, J., 
WILHELM, A. B., May, p 38 
“Coke-oven door cleaning and mass-flow —_ of ovens, High- 
pressure water jet”—MURPHY, A. D R, J. H., Mar., 
p23 
“Coke-oven end flue repair, Thermomechanical study of a 6-metre” 
<aienemman Cc. A., patron acon Mar., p3s 
brick’ n TELL EW Wal HENSON. C. C. T., Mar., p 50 
“Cold mill, Latest AGC tech installed at LTV’s Cleveland 
5-stand”—DUVAL, P., PARKS, J. C., and FELLUS, G., Nov., 
p46 
“Cold reduction mill 


of shape control lem for’’ 
a PUKUNARA. A. Kaul FUKUYAMA, G., and TERADO, S., 
Oct., p 34 


“Cold rolling, Modern to flatness measurement and 
control in" —CARLSTEDT, A. G., and KEIJSER, O., April, p 34 


itive issues that face the domestic steel industry” —-USHER, 
. J., Dec., p 20 


apes silica 


ler analysis of the arc furnace electrical circuit”—-CELADA 
S., J., Feb., p 41 
Computer control for the RH vacuum degasser, Supervisory”’ 
—SEWALD, K. E., July, p 25 
ler control modernization at USS Gary works’ 84-in. hot strip 
| aes J., DAVIS, J. L., and KELLEN, D. L., Oct., 
p15 
Computer control of cooli 
—BOLGER, D. O., and GREEN 


“Computerized production scheduli at LASCO—An expert sys- 
tems ”"—REMEIKA, V., MENEAU, B., SIMMONS, J. 
D., IMBELY, W. M., and WEYMOUTH, P. J., Sept., p16 


“Continuous casting rh hel yg Recent n 
horizontal” —REITHNER, G. K., and BRAMER- 
DORFER, H., May, — 


“Continuous operation, Th ae Europe of a conventional 
tandem mill to a fully PRADA OL, G., KELLER, D. B., and 
QUEHEN, A., July, p 46 

“Control of finishing temperature at POSCO’s No. 2 hot strip mill” 

—HEWITT, E. C., SARGEANT, G. M., LEE, W.-S., and SHIN 
S.-C., June, p 58 


“Control phaigsopty at British Steel, Blast furnace” —O’HANLON, J., 
pi 


on vintage slab casters” 
. T., May, p 22 


ram, Dofasco’s flatness and profile’ —HEAVEN, E. M. 
G., and ACULIK. V., June, p 50 
“Control, Performance of hot strip mill renovations on shape and 
temperature”—VAN DITZHUIJZEN, G., and TER MAAT, J., 
June, p 64 
“Cooling systems for wire rod—infrasonic cooling, Recent develop- 
ment in controlled” —MALMGREN, N.-G., Jan., p 45 
“Crane wheel assembly maintenance at Bethlehem’s yy Harbor 
plant, 10-year history of’—TOTTEN, C. A., Feb., p 30 
“Crown control of an inflatable backup roll—A mathematical model” 
—ROYZMAN, S. E., Aprii, p 46 
“Crown reduction in hot strip rolling by taper crown rolls” —ADACHI, 
A., BUSH, T. D., and HOFFMAN. M., June, p 43 
“Crown rolls, Crown reduction in hot strip rolling by taper’—ADACHI, 
A., BUSH, T. D., and HOFFMAN, M., June, p43 
“Cutting to —_ and stacking of small and medium length 
— Automatic on-line straightening,” —-AUGUSTI, A., Jan., 
p 


“Design, installation and start-up of I/N Tek” —JOYCE, R. A., May, 
p 


Development of high ima awd steel sheet by laser texturin 
ewe) K., SOED; UJIHARA, S., and NAGAOKA A 
+P 


78 iron and Steel Engineer 


Development of po tg Neg . — cold reduc- 
tion mill” —F HARA, A., KAJI, T., FUKUYAMA, G., and 


TERADO, S., Oct., p 34 
Developments in the Iron and Steel Industry U.S. and Canada— 
1990”—LABEE, C. J., and SAMWAYS, N.L., Feb., p D-1 
oversee products and equipment, Infrared monitoring 
helps,” Jan., p 63 
Dofasco’s flatness and profile control program’’—HEAVEN, E. M. 
G., and VACULIK, V., June, p 50 
“Door cleaning and mass-flow rs ary of ovens, “wa 
—_ jet coke-oven”—MURPHY, A. D., and CARR, J. H., Mar., 
p 
“Dust, Inclined rotary reduction process for recycli 
a baghouse’””—KOTRABA, N. L., and LANY 
p 
“Dust, New tech for treating 
SUOKA, T., KUR 


electric arc 
, M.D., April, 


electric arc furnace’’-—MAT- 


, S.-1., and KOYABU, Y., Feb., p 37 


“(EDT) for cold mill work rolls, Advances in electro-discharge 
texturing” —EL-MENSHAWY, F., and SNAITH, B., Aug., p 57 

“Electric arc furnace house dust, Inclined rotary reduction 
process for recycling’—KOTRABA, N. L., and LANYI, M. D., 
April, p 43 

“Electric arc furnace dust, New tech for treating’—MAT- 
SUOKA, T., KUROZU, S.-!., and KOYABU, Y., Feb., p 37 

“Electric arc furnace re Sydney Steel’s Modernization—” 
—PALKO, S. J., and MaciINNIS, R., Nov., p 17 


ees A Computer analysis of the arc furnace” —-CELADA 
p4 


ae 3. al improves performance eg ates 
mill at Hoogovens, Revamp of’—FISCHER, H., MOL, 
MJORNING, L., and KALIN, C., lil, Oct., p 21 
“Electro-dischar a (EDT) for cold mill work rolls, Advances 
in”—EL-MENSHAWY, F., and SNAITH, B., Aug., p 57 
“ae line, Armco’s new No. 2”—SAMWAYS, N. L., 
Pp 
“Electron beam texturing of rolls” —-DOLVES, J., Aug., p 33 
“Engineering and operation of a new stainless steel production line 
at liva’s Terni Works”—SPAGGIARI, T., and MATTEI, |., Sept., 
p27 
“Eregli Iron and Steel Works, Modernization of’—DERAL, Y., 
TIPOGLU, N., and AYHAN, M., Nov., p 31 


“Evaluation of dynamic characteristics of HAGC system’—GUO, 
aM -M., July, p 52 


F 


“Finish ary & operation at ~~ Ludium on stream, Stainless” 
EE, C. J., Dec.,p 5 
eer ~ ag at 1A Al s No. 2 hot ,_t mill, Control of’ 
C., SARGEANT, G. M., LEE, W.-S., and SHIN, 
S.-C., June, p 58 
“First full reline of Bethiehem’s L blast furnace” —STOR\M, L. P., Jr., 
Dec., p 48 
“Flatness and profile control program, Dofasco’s’”—HEAVEN, E. M. 
G., and VACULIK, V., June, p 50 
“Flatness and profile from slab to sheet’—HOLLANDER, F., and 
HURKMANS, T., Sept., p 9 
“Flatness and profile prediction in hot rolling, An advanced model 
for”—CRESDEE, R. B., EDWARDS, W. J., and THOMAS, P. J., 
Oct., p 41 
“Flatness measurement and control in cold rolling, Modern ap- 
proach to”—CARLSTEDT, A. G., and KEIJSER, O., April, p 34 
“Flue re ~. De ye gee study of a 6-metre coke-oven end” 
HACHT, C. A., and CERA, T. J., Mar., p 35 
es. dust, New technology for treating electric arc’—MAT- 
SUOKA, T., KUROZU, S.-I., and KOYABU, Y., Feb., p 37 


G 


“wn 


Gary works, U.S. Steel dedicates my caster and completes plate 
mill modernization at,” Dec., p 56 


Beas nd 84-in. wet mill, Computer control modernization at 
SS”—READAL, G. J., DAVIS, J. L., and KELLEN, D. L., Oct., 
p15 


December 1991 





Gas analysis ems for blast fu spptcatons. 
aeivpateenanes” *"—RAMELOT, D., TD. CHANTRAIN T 


LUCKERS, J., Dec., p 32 
“Geneva Steel installs Q-BOP’s,”’ Nov., p 52 


“Granite City Div., No. 2 slab caster on stream at National Steel's” 
—LABEE, C. J., Mar., p 54 


“Guy Monaco elected 1992 AISE President,” Oct., p 53 


“HAGC system, Evaluation of dynamic characteristics of’—GUO, 
R.-M., July, p 52 


“HBI plant in Venezuela, Sivensa dedicates,” 
" design theory, materials and practice, Biast furnace” 
—DZERMEJKO, A. J., Dec., p 23 


“Heaters advantageous for CF&I, Radiant tube,” Mar., p 56 

“High-performance gas analysis systems for blast furnace monitor- 
+ ame "—RAMELOT, D., CHANTRAINE, T., and LUCK- 
ERS, J., Dec., p 32 


“High-pressure water jet coke-oven door cleaning and mass-flow 


R, J. H., Mar., 
or, ae of electrical control lem improves - 
5-stand tandem mill at”"—FISCHER, H., MOL R 
MORNING, L., and KALIN, C., Ill, ae p21 
——— continuous casting plants we KY rades, 
developments of’—REITHNER, G. Rand 


BRAMERDO DORFER,H. May, pz H., May, p 25 
prediction 


— An advanced model for flatness and profile 
SRESDEE, R. B., EDWARDS, W. J., and THOMAS, P. J., 
Oct., p 41 
“Hot strip mill automation , Modernization of LTV'’s Cleve- 


systems 
land 84-in.”—ZIEGMAN, R. A COOK, R. D., REMLEY, W. M., 
and KASAVICH, J. A., Oct., p 28 


“Hot strip mill renovations on shape and temperature control, 
a of’—VAN DITZHUIJZEN, G., and TER MAAT, J., 
lune, p 64 


“Hot strip mill, Computer control gen oe Ap yt od 
84-in ”—READAL, G. J., DAVIS, J. L., and KELLEN, D.L., Oct., 
p15 


“Hot strip mill, Control of finish at ee era: at POSCO’s No. 2” 

—HEWITT, E. C., SARG LEE, W.-S., and SHIN, 
S.-C., June, p 58 

“Hot strip mill, Modernization and operation of NKK’s Keihin” 
—MIYAI, Y., SHIMIZU, R., and KAWASAKI, T., Nov., p 35 

“Hot strip mill, On-line system for specifyi uired slab reheat 

temperatures in a’’—PALS, R. J., Pons LINCOURT. J. M., April, 

p38 

“Hot strip rolling by taper crown rolls, Crown reduction in” —ADACHI, 
A., BUSH, T. D., and HOFFMAN, M., June, p 43 

“Hot strips mills, Width control in” —GINZBURG, V. B., KAPLAN, N., 
BAKHTAR, F., and TABONE, C. J., June, p 25 


jet 
on of ovens”—MURPHY, A. D., and 


“/N ~~ Design, installation and start-up of’—JOYCE, R. A., May, 

p 

“llva’s Terni Works, Engineering and operation of a new stainless 
steel production line at”’—SPAGGIARI, T., and MATTEI, |., 
Sept., p 27 

“Inclined rotary reduction process for recycli 


electric arc furnace 
_— dust’”—KOTRABA, N. 


& and LANYI. M. D., April, 

“natal back ‘olli—A _ mathematical model, Crown control of 

© ROYZ , S.E., April, p 46 

“heen monitoring helps Dofasco oversee products and 
equipment,” Jan., p 63 

“Infrasonic cooling, Recent development in controlled cooling sys- 
tems for wire rod’ —MALMGREN, N.-G., Jan., p 45 

“International Iron and Steel Institute meets in Montreal for 25th 
Annual meeting”—LABEE, C. J., Dec., p 52 

“Iron and Steel industry U.S. and Canada—1990, Developments in 
the”—LABEE, C. J., and SAMWAYS, N. L., Feb., p D-1 

“Issues and outlook—AlS! General Meeting, 1991"—LABEE, C. J., 
Aug., p 62 


December 1991 


K 


“Keihin hot strip mill, Modernization and operation of NKK’s” 
—MIYAI, Y., SHIMIZU, R., and KAWASAKI, T., Nov., p 35 
“Kelly Award winners for 1990 selected, AISE,” Oct., p 59 


L 


“L blast furnace, First full reline of Bethiehem's”—STORM, L. P., 

Jr., Dec., p 48 
Lacquer coating line for tin mill products” —BALLE, E., CALAS, J., 

and WILHELM, A. B., May, p 36 

“LASCO—An e: approach, Computerized production 
scheduli EMEIKA, V., a yh . SIMMONS, J. 
D., SZTRIMBELY, W. M., and WEYMOUTH, P. J., Sept., p 16 

“Laser texturing, Development of high image clay steel sheet by" 
—NISHIMURA, K., SOEDA, N., UJIHARA, S., and NAGAOKA, 
M., Aug., p 46 

“Laser-textured steel sheets for ee tae panels, Application of” 
—UJIHARA, S., HISATSUNE, T., HISHIDA, Y., IMANAKA, M., 
and ABE, H., Avg p 52 

“Lasertex techi Bante 
J. A., LEROY, ., and NILLES, P. E., Aug., p 39 

“Latest AGC tech installed at LTV’s Cleveland 5-stand cold 
mill” —DUVAL, P., PARKS, J. C., and FELLUS, G., Nov., p 46 

“Lawrence G. Maloney named AISE Managing Director,”’ Oct., p 63 

“LTV Steel, Stave and intensified plate-cooled biast furnaces at” 
—WAKELIN, D. H., NANAVATI, K. S., and SPIRKO, E. J., Dec., 
p40 

“LTV, Batch anneal coil cold spot temperature prediction using 
on-line modeling at”—ROVITO, A. J., AIELLO, W. M., and 
VOSS, G. F., Sept., p 31 

“LTV’s Cleveland 5-stand cold mill, Latest AGC technology installed 
at”—DUVAL, P., PARKS, J. C., and FELLUS, G., Nov., p 46 

“LTV's Cleveland 84-in. hot strip mill automation 
ization of’—ZIEGMAN, R. A., COOK, R. D., 

and KASAVICH, J. A., Oct., p 28 


brication engineering in the steel industry—The economic factor” 
—CICHELLI, A. E., Feb., p 34 


in"—DEFOURNY, 


stems, Modern- 
:EMLEY, W. M., 


“Maintenance for No-Twist rod mills 
sis, Predictive” —-HOFFNER, J., 
D., Jan., p 55 
“Maloney named AISE Managing Director, Lawrence G.,” Oct., p 63 
“Mathematical model, Crown control of an inflatable backup roll— 
A”—ROYZMAN, S. E., April, p 46 
“Mill ary Ay current design loads—A survival approach, Oid’’ 
R. S., May, p 29 
approach to flatness measurement and control in cold 
rolling”—CARLSTEDT, A. G., and KEIJSER, O., April, p 34 


ization and operation of NKK’s Keihin hot strip mill” —MIYAI, 
Y., SHIMIZU, R., and KAWASAKI, T., Nov., p 35 


vibration signature analy- 
NICK, J. E., and FOLEY, J. 


“ 


“Modernization at Gary works, U.S. Steel dedicates slab caster and 


completes plate mill,” Dec., p 56 


“Modernization at USS Gary works’ 84-in. hot strip mill, Com 


control” —READAL, 


G. J., DAVIS, J. L., and KELLEN, 
Oct., p 15 


“Modernization of Eregli ron and Steel Works” —DERAL, Y., HATIPO- 


GLU, N., and AYHAN, M., Nov., p 31 


“Modernization of LTV’s Cleveland 84-in. hot strip mill automation 


systems”—ZIEGMAN, R. A., COOK, R 


D., REMLEY, W 
and KASAVICH, J. A., Oct., p 28 


“Modernization of Weirton’s 4-strand slab caster”—RAWLINGS, R. 


A., Nov., en a 


Armco’s No. 3 cold strip mill’—LOEN, M. V., 
JOHNSON, D. C., and FERGUSON, R. W., Nov., p 24 


ization—Electric arc furnace steelmaking, Sydney Steel’s’’ 
—PALKO, S. J., and MAcINNIS, R., Nov., p 17 


“Monaco elected 1992 AISE President, Guy,” Oct., p 53 
“More than 400 persons attend AISE Pittsburgh Section golf outing,” 


Aug., p 68 


“Motor starter introduced by Westinghouse, New,” Nov., p 54 


Iron and Steel Engineer 79 





“National Steel's Granite City Div., No. 2 slab caster on stream at” 
—LABEE, C. J., Mar., p 54 


ee ee ee Nov., p 54 
ae arc furnace dust’—MAT- 
SUOKA, T end KOVABU. Y Feb., p 37 

"NexTech hosts ASE Ptsburgh Section, * July, p 62 

“NKK’s Keihin hot mill, Modernization and operation of” 
—MIYAI, Y., SHIM _R., and KAWASAKI, T., Nov., p 35 

“No. 2 slab caster on stream at National Steel’s Granite City Div.” 
—LABEE, C. J., a ear 


“No. 3 cold mill modernization, og sy 
JOHNSON, D. C., and FERGUSON, R. W., Nov., p 2: 


“No-Twist rod milis cra Predictive 
maintenance for” ER, FPNER J OLENICK. J.E., and FOLEY, 
J. D., Jan., p 55 


Oo 


“Old miil ake. current design loads—A survival approach” 
—MILMAN, R. S., May, p 29 


“On-line required slab reheat temperatures in 


eee eh 
a hot strip mill” —PALS, R. J., and LINCOURT, J. M., April, p 38 


P 


“Performance of hot stri 
control”—VAN D 
p 64 
“Pickle liquor recovery process—Washi an reduces waste 
1 costs and liabil -_ AQUATEC! lems"”’—McARDLE, 
., PICCARI, J. A., WNORNBURG G. G.I May, p 39 
“an Review, 1991 AISE Spring Conference,” July, p 67 
“Pictorial Review, 1991 Iron ry Steel Exposition and AISE Annual 
Convention—,” Nov. 


P55 
Pmense.” Aug. 


outing, More than 400 persons attend 
“Pittsburgh ron NexTech hosts AISE,” July, p 62 
“Pittsburgh, AISE District Section secretaries meet in,” Oct., p 66 
“Plate mill modernization at Gary works, U.S. Steel dedicates slab 
caster and completes,” Dec., ¢ 56 
“Plate-cooled blast furnaces at LTV Steel, Stave and intensified” 
—_— D. H., NANAVATI, K. S., and SPIRKO, E. J., Dec., 
p 
“POSCO No. 3 wire rod mill—A state of the art rolling mill +." the 
quality market’”—ROY, C., SHORE, T. M., and CHANG, Y 
Jan., p 35 
“POSCO’s No. 2 hot strip mill, Control « — temperature at” 
—HEWITT, E. C., GEANT, G. M S., and SHIN, 
S.-C., June, p 58 
“Predictive maintenance for No-Twist rod mills using vibration 
ignature analysis” —-HOFFNER, J., OLENICK, J. E., and FO- 
, J. D., Jan., p 55 
“President's Message—1991,” Jan., p 16 
“Processing line to be built near Pittsburgh, Unique steel”—SAM- 
WAYS, N. L., June, p 69 
hee scheduling at LASCO—An expert systems ‘coach, 
erized’”—REMEIKA, V., gh B., SIMMONS, J. 
bos IMBELY, W. M., and WEYMOUTH, P. J., Sept., p 16 
“Profile control program, Dofasco’s flatness and” —HEAVEN, E. M. 
G., and VACULIK, V., June, p 50 
“Profile from slab to sheet, Flatness and”—HOLLANDER, F., and 
HURKMANS, T., Sept., p 9 
“Profile prediction in hot rolling, An advanced model for flatness 


and” —CRESDEE, R. B., EDWARDS, W. J., and THOMAS, P. 
J., Oct., p 41 


mill renovations on 


and temperature 
UIJZEN, G., and 


R MAAT, J., June, 


Qa 


“Q-BOP’s, Geneva Steel installs,” Nov., p 52 


“Quality and luctivity gains in a wT rolling mill th h 
ainaaeel ensue control” —LYNN, J. MAVROSH TM. 
NEITH, D. O., and SANTIAGO, J. G., PA p4 


80 Iron and Steel Engineer 


“Radiant tube heaters ee an for CF&l,” Mar., p 56 
“Recent oe Se ‘ontal continuous casting 


of horiz 
~ fey eel grades”—REITHNER, G. K., and 
BRAMERDO FER, H., May, p 25 


Recent development in controlled cooling systems for wire rod— 

Infrasonic cooling’”—MALMGREN, N.-G., Jan., p 45 
“Reduction mill, Development of shape control system for cluster- 
cold” —FUKUHARA, A., KAJI, T., FUKUYAMA, G., and 

RADO, S., Oct., p 34 
“Reline of Bethiehem’s L biast furnace, First full”—-STORM, L. P., 
Jr., Dec., p 48 
“Revamp of electrical control system improves performance of 
5-stand tandem mill at s""—FISCHER, H., MOL, R., 
MJORNING, L., and KALIN, C.., Ill, Oct., p 21 
“RH vacuum d Supervisory computer control for the” 
—SEWALD, E., July, p 25 
“Rod mill—A state of the art rolling mill for the quality market, 
POSCO No. 3 wire’”—ROY, C., SHORE, T. M., and CHANG, Y. 
S., Jan., p 35 
“Rod mills using vibration ‘a wigs Predictive a 
nance for No-Twist”—HOFFNER, J., OLENICK, J. E., and 
FOLEY, J. D., Jan., p 55 
“Rod—Iinfrasonic cooling, Recent development in ~~ cool- 
ing systems for wire’’—-MALMGREN, N.-G., Jan., p 4 
“Rolling by taper crown rolls, Crown reduction in hot strip’ Aone, 
A., BUSH, T. D., and HOFFMAN, M., June, p 43 
“Rolling mill for the quality market, POSCO No. 3 wire rod mill—A 
state of the art”—ROY, C., SHORE, T. M., and CHANG, Y. S., 
Jan., p 35 
etn mili through statistical process control, os and pane 
ins in a structural”—LYNN, J. B., OSH, T 
, D.O., and SANTIAGO, J. G., Jan., + 


me... processes, Automated monitoring and control of vibration 
and chatter in” —NIEB, J. R., and NICOLAS, V. T., July, p 33 


“Rolling, An advanced model for flatness and profile prediction in 
ee R. B., EDWARDS, W. J., and THOMAS, P. J., 
.p4i 


“Rolls, Electron beam texturing of’—DOLVES, J., Aug., p 33 
“Rouge Steel enters the 1990’s”—-SAMWAYS, N. L., April, p 21 


“Recent 


Ss 


“Scholarship winners announced, AISE,” Oct., p 60 
“Secretaries meet in Pittsburgh, AISE District Section,”’ Oct., p 66 
“Shape control s' or for cluster-type cold reduction mill, Develop- 


ment of’ — HARA, A., KAJI, T., FUKUYAMA, G., and 
TERADO, S., Oct., p 34 


— Steel, AISE Southwest Section regional meeting at,” Jan., 

p 

“Silica brick, Coke-oven wall repairs ot Sa thermal aca 
fused” —ITELL, E. W., and HENSON, C. T., Mar., p 50 

“Sivensa dedicates HBI plant in Venezuela,” July, p 65 


“Slab caster and completes plate mill modernization at Gary works, 
U.S. Steel dedicates,” Dec., p 56 


“Slab caster on stream at National Steel's Granite City Div., No. 2” 
—LABEE, C. J., Mar., p 54 


“Slab caster, Modernization of Weirton’s 4-strand’-—RAWLINGS, R. 
A., Nov., p 41 

“Slab casters, Computer control of cooling sprays on vintage” 
—BOLGER, D. O., and GREEN, D. T., May, p 22 

“Slab reheat temperatures in a hot strip miil, On-line system for 
specifying required” —PALS, R. J., and LINCOURT, J. M., April, 
p38 


“Southwest Section regional meeting at Sheffield Steel, AISE,” Jan., 
p 67 


, on vintage slab casters, Computer control of cooling” 
OLGER, -O., and GREEN, D. T., May, p 22 
era Conference—Pictorial Review, 1991 AISE,”’ July, p 67 


“Stacking of small and medium length sections, Automatic on-line 
straightening, cutting to length and” —AUGUSTI, A., Jan., p 39 
7S — ~~ = Ceo per at Allegheny Ludium on stream” 


a... aa mae oo. at liva’s Terni Works, Engineering 
and operation of a new’”—SPAGGIARI, T., and MATTEI, |., 
Sept., p 27 

“Statistical highlights—U.S. iron and steel industry,” Sept., p 48 


December 1991 





istical process control , oy and 
structural rolling mill LYNN. OO MAYROSH.T t us M 
NEITH, D. O., and SANTIA\ _J.G., Jan., p 49 


“Stave and intensified plate-cooled biast furnaces at LTV Steel’ 
—WAKELIN, D. H., NANAVATI, K. S., and SPIRKO, E. J., Dec., 

p 40 

“Steel Industry in the Nineties” —USHER, T. J., Feb., p 25 

“Steel industry, Competitive issues that face the domestic’’—-USHER, 
T. J., Dec., p 20 

“Steel processing line to be built near Pittsburgh, Unique’”—SAM- 
WAYS, N.L., June, p 69 

= Xe iney Steel’s modernization—Electric arc furnace”’ 

O, S. J., and MacINNIS, R., Nov., p 17 

a... automation, Blast furnace’--SIDDALL, M. S., and 
GRIMES, P., Mar., p31 

“Stove operation, Benefits of automation of hot blast’—-BEENTJES, 
P. A., WOKKE, S., and VAN BREDA, J., Mar., p 45 

“Straightening, cutting to length and stacking of small and medium 
length sections, Automatic on-line” —AUGUSTI, A., Jan., p 39 

“=e mill automation systems, Modernization of LTV’s Cleveland 

84-in. hot”—ZIEGMAN, R. A., COOK, R. D., REMLEY, W. M., 

and KASAVICH, J. A, Oct., p 28 

“Strip mill modernization, Armco’s No. 3 cold”—LOEN, M. V., 
JOHNSON, D. C., and FERGUSON, R. W., Nov., p 24 

“Strip mill renovations on s' and temperature control, Perfor- 
mance of hot’—VAN Di UIJZEN, G., and TER MAAT, J., 
June, p 64 

“Strip mill, Computer control modernization at USS works’ 
84-in. hot”—READAL, G. J., DAVIS, J. L., and KELLEN, D.L., 
Oct., p15 

=e mill, 4 Co of Cone tem 


Ss. Pea yo 588 
“Strip mill, Modernization and operation of NKK’s Keihin hot’ 
—MIYAI, Y., SHIMIZU, R., and KAWASAKI, T., Nov., p 35 
“Strip mills, Width control in hot”—GINZBURG, V. B., KAPLAN, N., 
BAKHTAR, F., and TABONE, C. J., June, p 25 
“Structural rolling mill through statistical process control, Quality and 
a ay ey in a’—LYNN, J. B., MAYROSH, 
EITH, D and SANTIAGO, J. G., Jan., p49 
“rey computer control for the RH vacuum degasser” 
ALD, va E., July, p 25 
“Sydney Steel’s modernization—Electric arc furnace steelmaking” 
'ALKO, S. J., and MacINNIS, R., Nov., p 17 


og gee ten 2 hot” 
., LEE, W.-S., and SHIN, 


T 


“Tandem mill at Hoogovens, Revamp of electrical control s' Cn 
improves performance of 5-stand”—FISCHER, H., MOL, R 
MJORNING, L., and KALIN, C.., Ill, Oct., p 21 

“Tandem mill to a fully continuous operation, Third revamp in 
a of a conventional’—PRADAYROL, G., KELLER, D. B., 
UEHEN, A., July, p 46 

“wae in a hot strip mill, ~~ line system for specifying 
required slab reheat”—PALS, R. J., and LINCOURT, J. M., 
April, p 38 

“Terni Works, Engineering and 
ss line at liva’s” 
Sept., p 2 

“Textured ned sheets for aut 
—UJIHARA, S., HISATSUNE, 
and ABE, H., Aug., p 52 


—— (EDT) for cold mill work rolls, Advances in electro- 
discharge” —EL-MENSHAWY, F., and SNAITH, B., Aug., p 57 
“Texturing of rolls, Electron beam” —DOLVES, J., Aug., p 33 


—_— Development of high image clarity steel sheet by laser’ 

—NISHIMURA, K., SOEDA, N., UJIHARA, S., and NAGAOKA, 
M., Aug., p 46 

“The American steel industry in the 90's: Can it meet the challenges?” 
—WILLIAMS, W. F., Nov., p 21 

“Thermomechanical study of a 6-metre coke-oven end flue repair’ 
—SCHACHT, C. A., and CERA, T. J., Mar., p 35 

“Third revamp in Europe of a conventional tandem mill to a fully 
continuous operation” —PRADAYROL, G., KELLER, D. B., and 
QUEHEN, A., July, p 46 

“Timken, Capital investment program under way at,” Jan., p 62 


“Tin mill products, uer Coating line for” —BALLE, E., CALAS, J., 
and WILHELM, A. B., May. p 


ation of a new stainless steel 
PAGGIARI, T., and MATTEI, I., 


panels, Application of laser-” 
., HISHIDA, Y., IMANAKA, M., 


December 1991 


“Toughness ri 
revised” ~s 
Jr., and REPAS, P 


U 


“U.S. iron and steel industry, Statistical highlights,” Sept., p 48 

“U.S. Steel dedicates slab caster and completes plate mill modern- 
ization at Gary works,” Dec., p 56 

“Ultra-clean steel with VAD and its economic alternative—VAJ”" 
—REBOVICH, W. M., and EYMERS, H. B., April, p 30 

“Unique steel processing line to be built near Pittsburgh”—SAM- 
WAYS, N.L., June, p 69 


a of developments in Lasertex technology’ ee J. 
A., LEROY, V. M., and NILLES, P. E., Aug., p 

“USS Gary works’ 84-in. hot strip mill, pts control moderniza- 
— "—READAL, G. J., DAVIS, J. L., and KELLEN, D. L., Oct., 
p 


Vv 


“Vacuum 
—SEW. 

“VAD and its economic alternative—VAJ, Ultra-clean steel with” 
—REBOVICH, W. M., and EYMERS, H. B., April, p 30 

“VAJ, Ultra-clean steel with VAD and its economic alternative” 
—REBOVICH, W. M., and EYMERS, H. B., April, p 30 

“Venezuela, Sivensa dedicates HBI piant in,” July, p 65 

“Vibration identifies the causes of mill chatter”—GAS- 
PARIC, J. J., Feb., p 27 

“Vibration and chatter in rolling processes, Automated monitoring 
and control of ’—NIEB, J. he V.T., July, p 33 

“Vibration signature Bare ictive maintenance for No-Twist 

FENER. J., 0 


rod mills — LENICK, J. E., and FOLEY, 
J. D., Jan., 


, Supervisory computer control for the RH” 
.K.E., July, p 25 


Ww 


“Washington Steel reduces waste disposal costs and liability, 
AQUATECH Systems’ pickle liquor recovery process” 
—MCcARDLE, J. C., PICCARI, J. A., and THORNBURG, G. G., 
May, p 39 
“Waste disposal costs and liability, AQUATECH Systems’ pickle 
liquor recovery process—Washington Steel reduces”’ 
nny , J. C., PICCARI, J. A., and THORNBURG, G. G., 
y,p 


“Water jet coke-oven door cleaning and mass-flow charging of 
ovens, High-pressure”’—MURPHY, A. D., and CARR, J. H., 
Mar., p 23 

“Weirton’s 4-strand slab caster, Modernization of ’—RAWLINGS, R. 
A., Nov., p 41 

“Westinghouse, New motor starter introduced by,”’ Nov., p 54 


“Wide flange beams, Attainment of revised toughness requirements 
on” —BOYLE, T. W., KAHRS, J. R., PELLEGRINO, J. V., Jr., 
and REPAS, P. E., Sept., p 20 


“Width control in hot strip mills” —GINZBURG, V. B., KAPLAN, N., 
BAKHTAR, F., and TABONE, C. J., June, p 25 


“Wire rod mill—A state of the art rolling mill for the -—_ market, 


POSCO No. 3”—ROY, C., SHORE, T. M., and 
Jan., p 35 

“Wire rod—infrasonic cooling, Recent development in controlled 
cooling systems for’—MALMGREN, N.-G., Jan., p 45 

“World steel in figures—1991,” Sept., p 38 


HANG, Y. S., 


Y 


“Young engineers and the steel industry,” April, p 50 


“4-strand slab caster, Modernization of Weirton’s”—RAWLINGS, R. 
A., Nov., p 41 


“5-stand cold mill, Latest AGC technology installed at LTV's 


Cleveland” —DUVAL, P., PARKS, J. C., and FELLUS, G., Nov., 
p46 


iron and Steel Engineer 81 





“5-stand tandem mill at Hoogovens, 


1 performance Of FISCHER, H., MOL, R., 
NOOR L., and KALIN, C.., lil, Oct., p 21 


“10- history of crane wheel maintenance at Bethie- 
— hem’s Burns Harbor plant”—TOTTEN, C. A., Feb., p 30 


“25th Annual _ International Iron and Stee! Institute meets in 
Montreal for”’ E, C. J., Dec., p 52 


“30 Years with AISE, 86 Members Complete,” Jan., p30 


“84-in. hot strip mill automation systems, Modernization of LTV's 
Cleveland” —ZIEGMAN, R. A., COOK, R. D., REMLEY, W. M., 
and KASAVICH, J. A., Oct., p 28 


“84-in. hot strip mill eo oe 
works” 


“1991 AISE Officers and Directors,” Jan., p 18 
“1991 AISE Spring 


Conference—Abstracts of papers to be pre- 
sented at technical sessions,” April, p 65 


“1991 AISE Spring Conference—Chairmen,” April, p 63 

“1991 AISE Spring Conference—Pictorial Review,” July, p 67 
“1991 AISE Spring Conference—Spouses Program,” April, p 58 
“1991 AISE Spring Conference—Technical Program,” April, p 55 
“1991 Iron and Steel Exposition and AISE Annual Convention— 


of Papers to be Presented at Technical Sessions,” 
Sept., p P-47 


“1991 Iron and Steel Exposition and AISE Annual Convention— 


Chairmen,” Sept., p P-41 


, Computer control 
‘"READAL, G. J., DAVIS, J. L., and KELLEN, D.L., Oct 
pi5 


“86 Members Complete 30 Years with AISE,” Jan., p 30 
“90's: Can it meet the ?, The American steel industry in 


“1991 Iron and Steel ag and AISE Annual Convention— 
Pictorial Review,” Nov., p55 


“1991 Iron and Steel and AISE Annual Convention— 


the”—WILLIAMS, W. F., .p2t Spouses Program,” ., Pp P-37 
“1990 a president addresses Canton Section meeting,” Jan., 
p 


“1991 Iron and Steel Exposition and AISE Annual Convention— 
Technical Program,” Sept., p P-27 
“1990 selected, AISE Kelly Award winners for,” Oct., p 59 


“1991, President's Message,” Jan., p 16 
“1990, Developments in the Iron and Steel Industry U.S. and “1991, World steel in figures,” Sept., p 38 


Canada"—LABEE, C. J., and SAMWAYS, N. L., Feb., 9 D-1 “1991-1992 AISE District Chairmen, Vice Chairmen and Secretaries,” 
“1990's, Rouge Steel enters the” —SAMWAYS, N. L., April, p 21 Oct., p 54 


“1991 AISE National Committees,” Jan., p 22 “1992 AISE President, Guy Monaco elected,” Oct., p 53 A 





First Certified Packaging Control Signed by USS 


The U. S. Steel Group was certified as the first steel producer to meet the strict dietary packaging of a variety of 
religious and secular organizations representing more than a billion customers world-wide. 

A formal certification agreement was signed by USS, and the Certified Shipping Packaging Transport, Inc. This 
organization was established to identify and certify food and beverage container materials which comply with the 
religious, philosophical and health-related standards of Jewish, Islamic, Seventh Day Adventist and other groups. 

The certification involves tin mill products, for steel food and beverage cans, and cold rolled sheet, used for steel 
drums in which bulk foodstuffs such as shortening are shipped. Gary works, Fairfield works, and Mon Valley/Fairless 
works, and USS-POSCO are covered by the certification. 

U. S. Steel’s certification comes as a result of the company’s making changes in the lubricants it uses in steel 
processes—eliminating the presence of many animal fats—and its careful review of annealing processes to burn off 
any trace of animal fat used in earlier processing. 

The certified steel mark earned by U. S. Steel "will assure members of the groups represented by Certified Shipping 
Packaging Transport that they can buy and use food and beverages shipped or packaged in containers made from 
U. S. Steel product." 

U. S. Steel serves a container market which includes production of 32 billion steel food and beverage cans and 37 
millon steel drums annually. Additionally, 80 million steel pails are produced each year. 

Several of the participants stressed the importance of steel’s recyclability in connection with its status as a container 
material acceptable to groups with philosophical or health related dietary concerns. 

While the certified steel program for many customers involved meeting strict dietary packing requirements, many 
of these same consumers also express concerns about the environment by purchasing recyclable packaging materials. 

Steel is by far the world’s most recycled material and it addresses those concerns. The rate of recycling for steel 
containers has steadily increased. In 1990, 24.6% of all steel cans were recycled, an increase of 37% from 1989. A 
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